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NATIONAL RESEARCH COUNCIL
Board on Earth Sciences and Resources

Committee on Geodesy

Final Tecnnical Report: Grant No. AFOSR-89-0449

Period of Performance: June 1, 1989 through October 31, 1989

The focus of the Committee on Geodesy is on the applications of geodesy to
oceanography, geophysics, space science, surveying, mapping and instrumentation.
A report Geodesy in the Year 2000 is under review and will be published during
the winter 1989-90. -, . 1 .

The Committee met once during the time period coered-v the ahbve grant; a
report of the September 13-14, 1989 meeting-isiattched. During this meeting
the Committee identified the need fori'a panel.E-h set up under the Committee
to: -

o 1. evaluate the scientific impact of a global network of
fiducial sites;

2. examine strategies for implementing and operating such
a network in the light of anticipated scientific return
using existing capabilities where possible; and

3. assess whether such a network would provide a suitable
global infrastructure for geodetic and other geophysical
systems of the next century. 17" 4 SC_---

The formation of a Panel on A Global Network of Fiducial Sites will be
considered by the Executive Committee of the Governing Board of the National
Research Council. If approved, it is anticipated that the panel will have a
two year life span and a published report will be issued on the findings. A
tentative meeting of the panel is planned for January 24-25, 1990.

The Committee plans to continue to review the activities and research in
geodesy; identify basic research opportunitites and applied research needs; and
recommend actions to meet future national, societal, scientific and
technological demands on geodetic science, including surveying, mapping, and
photogrammetry. The Committee encourages interdisciplinary application of
geodesy. It expects to take a leading role in relating federal geodetic
research programs to the needs of the civilian and scientific communities and
to assist these groaps by clarifying requirements.



NATI(;AL RESEARCH COUNCIL
Board on Earth Sriences and Resources

Committea o Geodesy
Report of the Heating, September 13-14, 1989

September 1$, 1939
Attendees - J. Rundle IChmni. C. Goad, T. Dleon, E. net:ger, J.B. Minster, R. Sa1cirj S.
Orlin, W. Chapman (USGS-Natl. mi:pxng Div,, W. Pretcott oUBGS;Menlo Park!, W. Strange

14353riCAAi, .. Baltuck %NASA). Do -cu!l fOoT), D. Al;Ip tCoast Guird), R. Long tNatl. Res.
Ccunc ii

Orl:n discussed the need for meabers to be cogniza t of ;ny activity that may be
construed as bias by a member in the Comzittee*s deliberatio. and :.ports.

Rundle noted that 2 members were scheduled to rotate off the commiutee :t the end of
the year and that Don Wilbur had declined to serve. Replacements are needed in the areas
of instrumentation, geopotential, and classical geodesy/surveying.

ACTION - Rundle to prepare a list of proposed members and alternates, including vitae, !n
the first two categories and request Ivan Mueller to propose a meiber and alternate for
the third category.

The Committee discussed the activities of Boards and Committees as viewed by the
supporting agencies and the scientific community and whether agencies were obtaining good
scientific advice from intraagency, interagency and agency organi:ed study groups as
ccntrasted to study groups organi:ed by outside agencies, such as the NRC/NAS study
groups. Also discussed was whether the scientific community and federal agencies are
better served by committees such as the Comoittee on Earth Sciences, *ade up of agency
people, or by disciplinary comaittees such as this one made up of independent scientists.

Committees, such as the NRC Earth 5cience Committee, are not unusual where there are a
nuiber of acencies involved in a coanon activity. Of concern is that such Committees be
politicallv balanced. Committees such as this Connittee can see to it that the activities
and programs have an intrinsic merit that transcends specific agency preferences. The NRC
Co.b:trees do provide the independent view of the community as to scientific viability and
;rocedure.

In the past, this Committee has had difficulty eliciting topics and issues to be
studied from the agencies. The Committee might stress those things that it can do for the
agenci es.

Orlin - (Referring to the tasl1s of the Committee as noted in the recent proposals for
aaenc* support.) The charge to the Committee, when first formed in 1975, dealt.
priaearily, with the application of geodesy to other sciences, surveying and mapping.
Inrluded was also a charge to look to the health of Geodetic Science. Through the year-
the charge has changed due to the needs of the federal agencies as indicated by requests
for specific studies. The original charge has never been formally changed; but, in fact, 0
the :hargs is eemplified by the tasks enunciated in each vear's funding proposal.

Rundle - These proposals characteri:e the actions of the Committee. The proposal states 3

the long-term goals of the Commit:ee and what it e..pects to accomplish over the nent Year
or two.

If members or agency representaties feel that changes in the Committee tasks are-
necessary. they should transmit their thoughts to me or to Orlin.

Orlin - If ore e :amines the tasks, one notes that support for the furtherance of
theoretical geodesy has been dropped. This has not been a major activity or desire of any
of the federal agencies or from the scientific community. ,iTs--,zoblem arose at the last

spring meeting of the AGU. IC
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Rundle - As program -hairman of the Gecdesy Section of the ABU meeting, C. Counselmam sent
Ae a letter he had received from Patrick Fell (011A)in which he latented the apparent
decline of trad:tional, classical geodesy within the AGU. The AGU program is developed
from the papers that are submitted and the few that covered this area were included in the
session entitled 'Miscellaneous Geodesy .

Strange - It was unfostunate that the session was scheduled at the same time as the dinner
for Ted 'Flinn. It is doubttul that conventional geodesy will ever return to AGU. It
probably would be better to build up conventional geodesy in ACSH (American Congress on
Surveying and Mappina). The paoers that relate to conventional gravity, such as gravity
reference networks and absolute gravitv networks, h&ve also disappeared from the AGU
program. Those studies don t seem to have a home; they tertainly do not belong in ACsh.

Minster - The Committee should e,.Press its concern on this matter. There is a tendency to
have fewer research papers in c!assical geodesy, because there are new tools and geodesy
is being done In a different manner. This should not translate into conentional
techniques not being taught. One does not want to lose an understanding of gravity and
the uses for dense measurements on the ground.

Strance - 11GS is worling with states that want reference networks that approach a part in
iW'. It is inconceivable that thcse individuals will attend an AGU meeting; they are more
likely to attend ACSM meetings. Hzwever, gravity should be beefed up in AGU. The AGU is
more a scientific society that deals with earth sciences, whereas ACSH deals with more oi
the surveying and land information aspects. Both organi:ations are involved in high
accuracy geodetic data, but the applications are different. Members of the AGU are
interested in the interpretation of the data for earth, ocean and space processes.
whereas, members of ACS are interested in the point values on the ground.

Goad - Those who participate in the ABU sessions are no longer collecting data on a pzint
by point basis. They are interested in data obta:ned from space platforms to lool. at
wavelengths from 1/2o to 10. The art of collecting data on a point by point basis is
losing importance to those scientists who desire to interpret the data in terms of earth

processes and not as bouguer anomalies at a point.

Sailc- - Although this Committee is more science than engineering oriented, :t is
necessary for us to keep abreast of new technology and engineering issues in order to be
able to recommend how the latest techrology can be applied.

Rundle - If this Committee intends to follow up on the technology issues and the relative
role of science, our proposals to the agencies shculd reflect that direction.

Minster - Strange is correct when he states that researchers are interpreting geodetic
measurements in terms of earth przcesses. The Committee should not be too pessimistic
over this development, because this w:ll !ead to an improvement in precision an longer
time bases over which meas erent are made from which we may detect time dependent

variations.

Met:oer - Researchers would pre~er a Tiss cf cravity data. if obtainable from a sate:lite
or an airplane at the saze a:cra:, as cne obta:ns point by point data.

Minster - Geodetic measurements iro an airolane is as much geodesy as is taling
measurements point by point.

Goad - That is the crux of the probler. The reason there isn't the support today that
existed some 20 years ago is that the wa., in which data can be collected has changed
during that period. Twenty years ago everyone collected data in the same way on a point



by point basis eifectively using angles1 distances and gravity measurements. Today, each
agency has gone its own wzy in an attempt to answer its own questions.

Even this Committee has changed. Members are interested In area wide problems and not
point by point problems.

Strang'e - Obviously the agencies are going about their business in different ways. NGS no
longer has any Silby towers or hori:ontal control parties in the field. NGS is obtaining
high accuracy horx:ontal positions using SPS, the vertical program Is dwindling doxin
faster than it shouldt and geodetic 4itrononj is a thing of the past.

Minster - That's what our report indicates. We are on the threshold of a big ci6rge in

the science.

COOLFONT MEETING

Refer to vurgraphs distributed at the meeting. Whiere the speakers comments closely
followed a vuegraph, they haie been left out of this transcript.

Biltucl: - The objective of the Coolfont meeting was to develop a research plan for solid
earth science in NASA for the l990's. A plan was necessary as: 1) The NASA geology
program, which is predoninantlv remote sensing with some aspects of the potential field,
has been merged with the Geodvnamics Branch; 2) The Crustal Dynamics Project is coming to
an end in FY91; and 3) There was a perceived need, in the climate of earth system science,
where one loot:s at the ez-t:. as a number of interactive systems, to examine solid earth
science research throughout the iederal governmzent in its interaction with other programs.

The panels were charged with prepar. .position paper which would describe the
state-of-tne-art in their field t the majcr questions remaining to be solved, and which of
those major problems could N ASA, with its particular technological capabilities,
Fru:tfully approach. The research reconmerded by each of the first seven panels (see
vuegraph) was eAmined and czordinated by the Measurement Technilues and Technology Panel,
which panel recommended the technology that needed to be developed. The Program Panel
e*.amined the input from the science panels and the Measurement Techniques and Technology
Panel from which a recoamended plan was developed for research in the 1999's.

Position papers were prepared prior to the meeting in July 1989. At the same tie the
interagency program and international program panels initiated their preliminary contacts.

The Interagency Frograms Panel, chaired by Ian McGregor (NSF) and Dave Russ (USGS).
was charged with summari:ing the types of research undertaLen by the different agencies.
The intent was to develop a coordination plan which would maximi:e the use of federal
research funds.

tin response to a questi:ni There isn't a formal interagency group to coord:nate
geodetic activities similar to the one that exists for drilling. However, as a result of
the meeting, an understanding was reached on the types of different groups that would have
tc be p~t together. One vehicle that has come up since the meeting, which might serve the
same purpose, is the CES group. The CES group, at this time, does not have a solid earth
&cienti component.

tConment by Rundle - That is mainly an operational coordinating group and not a
scientifzc ad.isory group.)

The Board on Earth Sciences :s the group that egists for that purpose. There are
some questions that came out of the meeting that this Committee should address. One topic
that you have been discussino is the mix of space based geodetic techniques that would be
best for accomplishino the research coals recommenoed at the Coolfont meeting and I wo id
encourage the Committee to continue on this effort. However, each goency will have to
determine its respective role in these research efforts; nevertheless, the advice of th:s
Cormittew muobt be welcomed.

The International Proorans Panel. chaired by Chris Reigber and Giovani Svlos-Labini,
was charged with developing a pian to coordinate the international program.
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Most of the panels had a mix of geologists and members of the geodynamics greuo.

Program goal - see vuegraph
Scientific Goals - see vuegraph. The goals are not so specific that NASA is ikpinging

on the activities of other agencies. NASA will coordinate with other agencies on all
programs that are of interest to those agencies.

(In response to a comment that NASA traditionally has involved in engineering and
space technology and these goals seem to define an operational role fcr NASA.) These
goals are for the Office of Space Science and Apolications. More and more it is becoming
necessary to justify to the entire ;o~ernment hierarcht any mission on the grounds of
scientific return.

Volcanology - see two vuegraphs
Land Surfaces - see ueoraph. The interest is !n paleoclimatological evidence in the

surface of the earth.
Lithospheric Structure and Evolution - see two vuegraphs. This panel considers

historical geologyt aaong other tupics.
Plate motion and deformaticn - see vuegraph. This panel recommended global strain

observatories (see vuegraph) that would require substantial international and interagency
Involvexent. The need for two hundred Global Strain Observatories was tieter" ned on the
basis of appro.imattly 1000 La spacing and the amount of land surface. As a number of
stations in the COP project and the Wegener groups can be involved, the number of
additional stations will be manageable. The network will address 'earth deformation,
constraints on global change', and mutidiscapllnary app!icatbons" (see vuegraph). The
panel defined the needs for such observatories and the acronym FLINN (Ejducial
Laboratories for an jnternational Natural science Network).

Mantle Rheology and Post Glacial Rebound - see vuegraph
The Geoopotential Fields panel could be considered from an engineering viewpoint as the

measurement of gravity and magnetics and not from a scientific perspective. The panel
report fell between science and measurement techniques and technology. The issues to bo
addressed are presented in the vuegraph 'Magnetics and Gravity Field).

Earth Rotation and Reference Frane - see vuegraph
Refer to the Vuegraph titled Effort - Mission - SRT Element, where SRT is NASA s

research that is funded out of the ongoing programs. These efforts are to be
distinguished from the new shuttle or satellite missions.

MFE/Magnolia is a NASACNES mission for high altitude magnetomtter. ARISTOTELES is
NASAJESA mission that would start at 200 km for six to eight months with a gravity
gradiometer suoplied by ESA. NASA would supply magnetometers and a GPS receiver. During
this period it is e~pected that crustal magnetic anomalies would be observed. After this
period the satellite would be lifted to 500 - 800 km which would give us a high altitude
magnetometer. Neither of these missions !tave been officially sanctioned or funded.

g dot is the symbol for the monologist.
Historical Geology comes under Lithosphere Evolution. TOPO=Topographic mission, and

SIR-C=Shuttle imaging radar eAperloent C. The EOS instruments include HIRIS thigh
resolution imaging spectrometer), which images the land surface in some 228 spectral
channels providing a spatial resolution of 30 meters. There is a synthetic aperture radar
that uses three waielencths (LI Z and X bands).

TIR= Thermal Infrared Radiometer, OVO=Orbitlng Volcanoloo:cal Observatory, TOMS=Total
O:one Measurement System.

Major new emphases recotnended - see vuegraph. Almost every panel expressed a need
for topographic data.

There are a number of areas where there is a need to coordinate activities with other
agencies - see vuegrapr,. SESDIS=Sclid Earth Science Data Information System. and
PLDS=Pilot Land Data System. There are a number of issue3 involved in the implementation
of the TOGO plan - see last vuegraph.

Minster - FLINN started as a purely geodetic concept. How to cover the entire planet with
GPS, a light weight but precise technique? After consultation with other panels, it
became obvious that a broader approach was necessary. The Europeans were particularly

| 4I



:nterested in a concept that transcended geodesy. The European countries are funded for
the deplovent of 50 to 190 magnetometer observatories. Absolute gravity measurements at
a nuaber of sites are important for providing a tie to space based models.

The quiostion of how this effort would be built on existing structures was considered.
It is important to tie this global networ: very carefully to the existing Very Long
Baseline Interferometry (VIM) networL, at a high precision worldwide, in order to have a
histor, and good control on the -,erv long baselines that will be necessary across the
Atlantic. Ties to the Satellite Laser Ranging network also will be needed in order to
give a good tie to the center of mass.

The Conh:ttee needs to discuss the matter of *precision'. The Coolfont panel
deternined that the relative position of the sites should be maintained ar the I
centimeter level, when averaged over a I day period, and down to a I am level, when
averaged over a longer time period. Ties to the center of the earth should be
accomplished at the I mm level, when averaged over I year. Almost all of this can be
done, if there e*isted a sufficient density of geometric sites. (The following statement
on gravity data and ties to SLR was not clear.)

If one had a worldwide network. with an intersite spacing of 100 Im covering all
major land masses including a number of :slands, the use of light-weight techniquest such
as GPS or GLPS, becomes much easier. The Reference Frame problem essentially would be
solved. We could have extremely dense, frequently occupied, geodetic networks carried out
with relatively light weight crews.

The geodesists suggested that when the GLRS is launched a cornor reflector would be
desirable at each ground site. This would establish the GLRS reference network and tie it
to the VLBi and SLR nethor;s. Others thought to generali:e the concept of the FLINN sites
to include all manner of solid earth and environmental sensors. FLINNt under this
concept, becomes a major part of the earth based segment of the Mission to Planet Earth.

Digon - The rationale for the tvpes of instruments that are to be included at the FLI1tJ
stations needs to be carefully considered. Which instruments are to be placed at which
stations? Is it necessary to put environmental sensors at each of the 290 stations?
This Comm:ttee can make a mdjor cont, ibution bv recommending a mechanism that can be used
to male these decisions, In add:tion. we might consider how to involve individuals and
agencies, both national and international, that have the expertise to devise a rea;onatle
program.

Minster - It would not be wise to have all instruments at all locations. Some of the
sites may be related to areas. VLSI sites will not be established everywhere; only about
12 VLSI stations will be needed. Magnetometers might be set at 50 sites. So2 measuring
sensors would be set at active volcanoes.

Dijon - SO 2 sensors might, in fact be placed away from active volcanoes in order to obtain
a base level calibration for volcano monitoring.

Baltuck - The tentative suite of instruments will probably be recommended by the
geophvsical community. That list could be modified as other needs were identified. text
would be the requirements of other solid earth science groups, followed by the other
disciplines; an attempt would be zade to incorporate these other sciences without
compromiina solid earth researc. We visuali:e the program as a multistep, iterative
process,

From a IASA perspective, the tracling program supports two other NASA programs: TOPEX
and (not 7entioned). Therefore, the SLR stations would have to accommodate that program
as well as solid earth research.

The program panel is investigatiji. the cost at this time. The cost will depend upor
the degree of coordination with other agencies and other countries. There are estimates
that range from :ero base growth to 20% growth. An augmentation of several millions oi
dollars each year will be r.ecessary.
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Minster - Referred to the Executive Sumoary oi the Coolfont report distributed at the
meeting (7 pages).

Strn.nae - uch of the program is in place. For e.aople, the VLBI sites in Tasaania, South
Africa, Bra:i1, Antarctica U2 sitesi, and Tahiti will be in operation during the early
stages of the prograo. With thE northern stations presently operating , there aren't many
more fiAed VLBI stations that need to be established. One should not underestimate the
nuzber of permanent GPS stations that are close to being operational; there will probably
be ainv more than :00. NGS is presently obtaining data from 14 tracking stations fro&
which NGS will be computing and distributing orbits.

Programs on the monitoring of usostatic rebound are under development. An aqreeent
with the Canadians is about to be signed. GPS stations are being established for
navigational purposes; that will result in a permanent network of stations along the coast
of the US l-.ch will provide GP$ data for navigation and for monitoring isostatic rebound.
hanv ;sall island nations hke hopes of establishing OPS stations. It may be that the
cost of the effort nay be overstirated, especially for GPS and VLBI.

The number of fixed and mobile absolutF gravity meters need to be determined. NGS s
is used in the mobil* mode.

The biggest problem Qay be that of handling the data; sorting them out and getting
them out to investigators and other users.

The actuil expenditure for instruments will be smaller than anticipated. Host
scientists and engineers, even among the surveying community, are going to the dual-
frequency instruments which have come down to about 130,2G0 and should be in the 12,9OO
or less range in the next decade.

The solid earth community needs to be specific as to where these Instruments will be
needed. The comnunity should not be constrained by budgets, but should devise a plan that
incorporates what is real!v needed. With programs rising everywhere, plan that
indicates the types of observations needed and the sites that would be most beneficial
would encourare others to adapt tVe:r prograns and to join the FLINN effort.

In October NGS will establish a regional network of close to Ill stations at a part to
100 across Oregon. Although tnis networl, is not being done for geophysical purposes, it
would be helpful to k:now what a larger community would like to see in terms of a
aonitor:ng network. This Ccmmittee and other groups should design programs on a region by
region basis as to what type of nontoring or measurements would be beneficial for a
region.

Once a dual-frequency GPS systea is in place, only the continuing need to tract the
location of the measurement oc:nt wculd prevent one from obtaining information on long
term deformation.

iz~on - That's not entirely t case. If one is not careful in placing the antenna, one
could be plagued with multipath.

(In response to a statement that excellent results would be obtained over an average
of observations over a year.) Scientists prefer not to average over a year; motions over
a period of weeks or days or hours is what %s desired.

Baltucl - What may be needeo is an assessment of where stations presently exist and where
stations are being considered fcr the future.

StLinoe - What Is of concern is that the geophisica! community may deiine their
requirements Eo stringentl. that the mass of data that :s beinq collected will be ignored
and then decide to obtain new sets ct data.

Minster - What is needed is an infrastructure that will allow groups tG contribute to ite
program. What will be difficult is to ccom)t geodesy to a one day time scale worldwide
which implies te'emetry for all the data, as for some applications real time analrsis is
required.



Gogd, Strange - N;ot everyone will require real time answers. Plate motion is not needed
real time.

Rundle - if the FLINN netwoet is to be a fiducial networks standards need to be developed.
Not all stations can be part of the FLINN network, If Strange-is correct and Aanv
staticni are to be in operation, one ray have to be selective in which stations are chzstn
as FLINI stations.

tranoe -'The pc*!eo ma. be that the program becomes e;,clusive; this may be ised as a
)ustification for build;; a netwz:l putside of the e*isting stations. That would be a
waste of iederal funds. This Aa. result from a standard that says that unless ,:!li:zoter
acc.racv is achieved the data are not of use to solid earth science, It is not true that
niliozeter accuraCV is necfssar, %n order to obtain useful geophysical information,

Prtscott - It would be important to Lnow whether millimeter accuracy is being achifedt at
these stations. There may be sone value to stations that are not superprecise; but. there
are some things that can be dote i one knows that a station is stable and its cosition as
determined at the millimeter level. Possibly rot all stations need to be at this
superprkeci;e level, but there clear|v is soe value to having as many stations as cre caI
afforo at a superprecite level. The only way that level can be maintained is to t;.e
standards that stipulate ich things as: how the Parks are established, how we!l the
stations are tied to the surrouding area, and the zonitoring of instrumental changes when
antennas are moved, Sume cf the cost of the pregram will be borne by those who obtain GFS
data for other purooses and some of that data 3av be of use to the prograt. However, just
becaLse a group obtains SPS data and transmits them to a central location doesn t
nece,'aarilv mean that 'the data wili meet soae of the goals of the FLINN network.

General Discussion.- The Fort Davis station was discussed. Although NGS will be rezoiing
its equipnent. the antenna will e left in place. Therefore, the position can be
monritored by anyone bringing a re:e;.er tc the station. The need to measure the cosition
every five days was contested with rc xeetang of the minds.

Rondle - Problems arising fror data formats and data types contributed to the FLWIt::
netwuri. and the instruments used need to be resolved.

Goad - The efforts , missions, and SRT elements vuegraph does not indicate the 1: VLE!
stations under missions.

Saltuc: - SET element is o-ound based activities; the on-going part of the prcran.
Missions are space missions that require launch. VLBI does not require a launch and dces
not require a new line ite :n the tudget.

Goad - Based on this uegraph it appears that the mission funding is protected. The FLItNNJ
network appears to be unprotected. How can we be assured that a continuing observing
campaign is protected'! Neither .LB1 nZ- GFS is highlighted. Are these efforts protected;

Ba!tucl, - One reason that FLItN has been embraced is that it mahes sense scientif:c,!l,
and is a good use of resources. :1 I.ASA can coordinate the agency and internati:nal
activities. It also stands out as a se:arate defined issue and is close as one can come
to a new start mission in an ongo:is Frocr;.

Goad - Why can't FLIIN have missior. status' Certainly , a plan contributing to a long tera
geodes-,/ieoph-scal observing csmpaian that is on a year to year funding c cle, or at most
a three year funding cycle, will not ha-.e the same status as long term mission, sucL as
the mission to Mars. There should be a more o ert support for those programs that do not
necessarily have their origin with IASA such as the GPS program that criginated with DMA.



!altucL - The CDP somehow got pro)ect status and an effort can be made to achieve the same
for FLINN. AS there isn't a specif;c fli9wit asscciated with FLI Nk it may be difficult.

(In response to a suggestion that FLINN be associated with a satellite mission and a
question as to how fund~ng for ECS is guaranteed as that program has ground and ?irborne
sites .) The support for the prototvpe aircraft sensors comes out of the ongoing SRT
program: because it is EOS associated, tle funding is sonetimes at the eopensa of PI
support. That support is en.irelv at the discretion the program managers worLing with the
EDS ofiice. Ueither VLBI nor GFS is protected under NASA missions.
Strang& - Mc ' of the fied ViL! stations are protected because they are part of the Earth

Rotation Service.

CPS Coordinating .,mmttee

Dive Scull 1oTi - (See 17 vutgraphs distributeo at the meeting)
(DOTiRSPA. Ra 41:, 40L 7th St. SW Wasn.DC 20?0, 2 6

History of Civil GPS Service - The USAF Joint Program Ofi:ce decided in 19S to set up
a reporting svstea for both military and civilian users 0 GPS. The University of Teas
UTARL) was given a contract to looL into a civil OPSCAP (Operational Capability) system.

The Civil GPS Steering Conzittee endeavored to define funding sources. Funding
through private sources, without governent support, was tansidered; whereby GPS would be
sold thro~jh the private sector. However, most felt that the government should haie
responsibility, primarily frea the lh !ity Issue. Hzwevert under investigation are
aeans to make the service seli-s.porting by selling GPS related material to the public.

FAA was not interested in the SPS service as the:r traditional notice to aviators
seemed to suit their need;. The Coast Guard was interested, because of their operatton of
navigatiwnal systems such as LORAN, etc. for the civil cozmunity, and in 1999 was
designated tne civil interface fer a civil GPS service.

The Steering Coza:ttee grew over the years including individuals from governzent
agencies, and the scientific and the private sectors. In 1989 was divided into two parts:
An e~ecutive committee, chaired by Scull, composed of only government agencies (including
individuals from NATO cointries); and a general committee that is open to the public.
chaired by the Coast Guard.

Klepc:ynski (US Nay. Obs.) and Allan (Natl. Inst. of Standards and Technology) are
working with DoD on the problem of selective availability. Thay hAve proposed that GF5
signals be transmitted in the clear from at leaFt two satellites so that time transfers
can be accomplished. This proposal has been under review by DoD since April.

f.orway has a large GPS d:fferent:al networ:. The Royal Institute of Navigation
(U.L.), another civil interface, is interested in establi5hing nodes in Europe for
obtaining GPS information.

Networks are being established b1 NGS and internationai organi:ations. The Coast
Guard is looking into a differentia! networ: to support their programs such as buoy
tending. The Canadians are considering an active control network and state highway
departments are setting up networl, At some point there needs to be coordination
between the manv participants. otherwise manv stations mav be redundant.

The main thrust of the committee is to solidify requirements for the survevin2
communityt the timing conmunity and others.

UL|AVCO has attended a orevious zeetirg, but may not attend the September member. At
various times JPL (Ruth Nielan: and NASA (HO. and tracl.ing program) have participated.
NASA has no representative on the standing committees. although Hal Theiss said he would
be a member of the steering comittee. but has never attended meetings. The Bur. of Lend
Management, Forestry Service, US3S, and NOAA participate in the sessions. Receiver
manufacturers have participated (Trimble, Hagnavo:).

Lt Cmdr. Douc Alsip - See 5 vuegraphs.
(Commandant (G-NRN), US Coast Guard, 2100 SW 2nd St. Wash.DC,202-267-827)
Alsip is project manager for the Civil GPS Information Center.
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The Ci.0! CPS Servzcv contistu of tare eleMonts: (1) PPS (Precise Positioning
Service) which requires cartography and access to the high accuracy positionin? service;
t2 The Information Cefter and 1i) The Precisc- Ephemeris Service.

The inforAation center will provide publications that describe 6PSt the services
available. and the types of iniormation that is available including how tc obtait, the
in~ornaticz and how to use it. The publications will be available frot NTS.

The Center wall adapt the DoD interface control document 200, the intekface bttween
the spac4 segment and the user s%;gment, to provide a civil oriented engineering reference.
The reference will have Informat:on on how to build a receiver, the specificat:ons, and

the navigation iessigt.
Initially, the real time :nicr&;tion will include the current status of the

cons~ellaton. Future changas in the constellation, such as anticipated eclipse or
isaneuver of the satellite, may be available up to six months in advance. The almanac is a
set of lower precision ephemerides that can be used to make satellite coverioe
predictions; mainly used for planning purposes. The system will be Impleetnted later on
this year or tarly nedt year.

Ihformation maa be available on the ARPA net; but, it is not contemplated at this
time,

Brzadcast ephemerides information will be provided in a tite frame that is under
negotiation with DoD, At the present time the data must be protected for two woks; but.
there is a postibilit. that ttat time fr-me will be shortened. Within reason anvth:ng
that is unclassified car be :ade available.

The prograz is being desiqned so that charges can be made for all the services.
However, it is not anticipated that there will bF charges, as the cost of implementing a
system of charges would be time consuming and expensive. In addiltion, it would cost about
40" more to operate tte system.

The program manager office will attempt to answer any questions on SPS.
Goad - Ho4 will the replacenent for the lCD 200 differ from the original?

Alsip - It will empla:n things in greater detail. The replacement should be sore lile A
technical r.ierence. It also will ha,e references to the literature. Funding permitted,
it should be available within a year.

The archiving requirements are under study. Recordt will be kept of all information
that is sent out.

For the present the only ephemeris data that will be available will come from NGS.
However, in the future. information from the international community may be available.

The data base will have the capability to accept data from third parties. However.
the initial implementation will have no outside input. We would have to look carefully as
to how third party data would be handled. If an information exchange form is designed,
the data will be maintained separately.

Current information and news items will be disseminated igh a news letter and the
electronic bulletin board.

Rundle - The Committee encourages the development of the Coast Guard information center.
It is a program we have tried to encourage over the past few years.

Stranoe - With respect to the civil SPS Service refer to a two p4ge letter dated September
12. 1989 signed by Strange and addressed to 'Dear Colleague' distributed at the meeting.
As chairman of the subcommittee on Surveving and Precise Positioning, Strange has
requested those communities tc prov:de hia with gnat they would like from a GPS service.
The recuest ha been distr.buted to those in the academic, scientific, surveying and
engineering communities.

NIGS obtains from DMA the precise ephemeris (originally prepared by NSWC) that is
prepared by the DlAHC (DMA Hydrooraphic Center). These orbits are obtained on about a two
month delay basis. They are distribited to anyone in the US; to anyone outside the US, a
case by case approval froz DMA is required.

NGS attempted to produce orbits about one year ago, but the accuracy of the orbits was
not adequate. Recently. the NGS orbits have been comparable to the DMA orbits. It is



planned, by the end of November, to begin the distribution of NG5 orbitsi there are no
restrictions on the oistribution of the NGS orbits. NGS can also distribute the tracking
data from lZ tracking stations {S CIGNsET stations and 5 DNA itations mostly in the
southern hvolsphere). The CiGNET data can be distributed freelyt however, the data fror
the D A stationi would have to be cleared on a case by case basis with Dhk. This rot a
security problem, but outsidt the federal government DMA needs the approval of the host
caintry. IGS eppects that within one year there will be a sufficient number of tracking
station and we will no lon;er te dependent on the DHA stations. DMA hns recently shcwn
increased interest in becoming involved with the tracking and other activities of the
civilian coazun:ty.

NGS is final::ing the format in which t"-e orbits will be distributed. The format thit
is chosen will affect the software produced by manufacturers that Is distributed to users
of their equipment. Once the format is finall:ed, it will be difficult to change it to
any aajor degree.

rPS Orbits - Geooes,;Geophysics

Prescott - tReentlv appointed Branch Cnief for Tectonophysics at Henlo Park:iUSGS1 See :1
Vuegrachs distributed at meeting.

GPS, for manv userst is not ooerational as a tool. BPS is still in the development
stage, although one would not get that impression from the literature. In order to use
GPS for geophysical purposed, a great deal of effort is required today. GPS needs to be
adapted to use by geophysicists who are interested in the earth as contrasted to those who
are interested in orbitsin finding better algorithms for resolving biasest In building
better instruments, and in developing static techniques.

High precision GPS is needed. as displacements are smallin order to obtain results
over a four or five year period. %See vuegraph). Rates along the San Andreas Fault are
oi the order of 26 am/vr. With one cm OPS motion along the ettire area can be seen in a
few years; but. if one wanted to deterzine how that movement is distributed. ona would
need GPS or another system that would be precise below a centimeter. High precisi.n can

be obtained from GPS, but it requires a monumental effort (see vuegraphs of San Francisco
Bav, Central and Southern SF Bay, California Sites, GPS & VLBI comparisons, and Lona
Prista).

An etperiment done in !ceand, where everfth;ng was not ideal, is discussed in
Surveying and Mia-ping isee .eqaphJ. Iceland is not ideally suited for satellite
coverage which resulted in less than 4 to & hours of tracking each day. In general
results from i to s parts in 104 were obtained. This experiments further indicates that
without care it is not trivial to obtain high precision results.

Requirements for precise results (see vuegraph) - Preprocessing is essential to
resolve such items as clock problems, clock offsets, and different types of receivers. In
order to obtain hiah precision. particularly on long lines, the positions of the
satellites are essential; either orbits of high precision or a fiducial network are
required.

!See 5 plots) Problems faced using GPS data - First plot is of double differenced raw
phase data, after subtracting the orbit, for satellites i1 and 9 at stations Allison and
Yallowlnife; data is talen from two receivers looking at two different satellites an' are
difference twice. The scale is in units of 16'; the difference of about 30 million cycles
mostly occurs at discreet junps. The next plot is of the same data after they haie been
cleaned up; the jump is still .isible but the difference is about 96 to 198 cycles. Ne.t
is a :lot after the data have been cleaned up: now one sees structure that comes fro&
something else because the cycle slips have been removed. The data are ionosphere free
data. One needs to be certain that there are no jumps in the data.

One of the reasons that GPS is sr difficult to use today is that all the data recuired
a oreat deal of preprocessing. In addition, for each campaign there appears to be a
separate set of problems that need to be analv:ed by an individual well versed in GPS.

Orbits are what make GPS difficult to use. A one meter orbit error produces about
5x100 error in baseline length or relative position. In order to obtain data at ixlO'

level orbits need to be known at the I meter level; although it would be nice if that
error can be eliminated entirely by reducing the error to 28 cm or less. There are two



methods for treating the problem. One is to obtain orbits from an external source, sucn
as a the broadcast orbits. or the precise orbits produced by the NSWC, or the orbits
distributed by NGS. One can also obtain fiducial data from tracking stations and model
the orbits as part of a solution.

Most investigators interested in precise data use the fiducial data. Most of the
oibits being dstributed aren t calculated using double differanced phase data; most are
calculated frt pseudo rargi data. tecause of the work involved in cleaning up the phase
data.

The probless discussed have been solved at the research level. But, we are not yet
t the le.el where an in,.est:gator can use the orbits without a great deal of effort,

There is no soufce for orbits at the subatter level on a routine basis. ho~t
investtgators, ntvertheless, would opt for usn the fiducial data and estimate the orbit
as part of the solution in order to obtain the highest precision.

Fiducial data cause some problems. The fiducial data takes up a good percentage of
the tame used to process the data. For small campaigns where the broadcast orbits can be
used, the data can be procssed in the field, keeping up with 4 or 5 receivers. But, when
one deals with fiducial data, that as not possible.

One of the bigger unsolved problems is that the location of the fiducial receivers
isn't under the control of the user. If the reference frame rotates, one does not know
whether the changes seen are due tc the reference frame or to local variations in the
earth. The fiducial network be:ng used is run by CIGNET. The problem with these data is
that they have not been as reliable as users would like; there have been changes in the
antennas and reCeivers which hie net been doceaented and there have been many days when
receivers were not in operation at a nuambtr of stations,

All of the iiduciai sites are tied to VLSI stations; however, the ties have not been
dcna in a Aethodical vay and iot teen docuaented. Some of the fiducial sites are tied to
local sur-ev;.

Z112a - The ties are not usualt, between two marks, but between a theoretical phase center
of a very large radio astrcnonv antenna and a mark that may be a distance of I or more
kilometers. Getting the phase center of the antenna is the real problem.

Goad - If that is tht case, how can repeatability between VLSI baselines be tested over a
ten vear period ? The observations are done at a mark, not a phase center.

Dixon - That is true for the mobile VLSI sites, but not for the fixed sites. All of the
fiducial sites are tiied.

Goad - The physical phase center of a VLBI antenna changet with time. Therefore, the only
way in which baselnes can be compared over a ten year period , or over a day, is to model
that physically changing electronic tenter to a position in space.

L3.eon - If one always looks at the same radio sources, doesn't that lead to a constant
error source?

tin response to a question) Pepeatzng the tie will Improve the situation.

Prescott - Both the local survey and the tie to the VLBI site may be in error. Also. the
receivers and the antennas have charged due to evolving GPS equipment and the concerps
over multipaths. Changrig recei.ers raises the problem of how the data are to be zi:ed:
such errors are at the centimeter level and may not be troublesome at the fiducial sites.
The fiducial stations are moving, as are all points on the earth' surface; hence, we need
to update the coordinate systen. A coordinate system that is time tagged is requ:red.

There are a number of coordinate systems (MIT, Univ. o4 Texas, JPL). The problen
with usino someone elses coordinate svstem is that everything is changing tstat:ons,
antennas) and, in order to use SPS one needs someone who speciali:es in knoh:nq the
coordinates of fiducial sites.
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Stranof - Frequently, the intlrpretation'of the geodetic survey by f,- nn-geodeslst that
has been in error.

Prescott - The solvkion is the attainment of orbits froa continuous data, from a large set
of stations, that are reliatle and clean, This would allow investigators to calculat#
their own orbits.

At present we hae a.ailable clean tratting data, o:casionally from I Ai r.ial Lt of
stations,, with iu::y locato h15trv. Tr: aay sound negative with regard to the CI UET
network; but, that is not the poirt. ClGNET has littn a major breakthrough, in what this
netacrL has allowed us to a:com:!;sh with GPS. What we need to do is focus on xens -or
,aking the network core useful,

We need clean data. the positions of the antennas (although the coz-dinate
requirements are not clear%, a re.ord of the locations of all antennas through all ovaes
and replacements, and a sufiicient nuaher of stations to insure fiducitl coweraqe
globally.

When hardware is changed we need a long overlap between old and new hardware.
Probab!y, the best practice is to p-1 oAt new hardware gradually; new receivers should be
placed at one site and tested thorouctly before iaplementing all sites. ein the long
119 time in processing GPS data. a =cnth or two is insufficient time to iullf evaluate thi
effect the changing of antennas or receivers will have on users of the data.

Uv oM - I agree with whzt Prescott has presented with the etception oi the need for ties.
A study of the CASA UNO data set involved the compaision of a number ui fiducial networs
which include a nuzber of long basel:nes. Manv of the baselines are 500 to 1000 or l0N
kt in lenoth. Those baseline estimates are very sensitive to orbits and. hence* very
sensitive to the available fidicial networks. A comparison was made of US onlv1
USiEurope, US/Australia. a.d USiEuro;e Australia networks and the entire networL that
includes Yol-i. Hawaii and Azerican Snoa.

The only true fiducial stations ;,e the three US stations. These stations proidoe
VLSI data, appro.izatel% at the centimeter level. Although there are VL81 sites near all
the European and Australian stations, t:es were not available. or were thought not to be
adequate, at the tzme the stud" Was accomplished. Therefore, those staticni were not
fixed in the analysis. but were estitated; although very tight a prlo-i constraints
(several meters) were applied.

It is surprising that even though or.e does not know the locations of the trackina
sites down to thk centimeter level, the contribute signii-cantly to improving the orbits:
This is evident from the graphs where a least square fit to the east and north component
for the US/US, US.'Europe and USzEuropelAustralia data were obtained. The baseline
precision is expressed as !a2 b2l2002, where I - baseline length, and a and b are
coefficients; a is a function of instrument noise and b is a measure of tne lenoth
dependence. One should note that the b values, as stations are added to the tralzng
network, :mprove from levels o; 4 to 6 parts in 10 to the 8th down to levels around 2 to %
parts in 10 to the 8th: even thcu:h the European and Australian stations are not treated
as VLSI fiducial sites. It appears that. if the geometrj is good, one can accommodate ftr
poor ties.

When Lolok and Sana are adl.d to the network, the data set is not improved. Alt: sh
it is not clear wh, this ,s the case. *t appears that the data noise at those tko sites
during this e;periment was too lroe.

Rundle - At our last meeting Strange suggested that the NOS would operate i qlcba!
trackino network.

Stranoe - The present operating stations have &owed to the point where there are now mini
macs at Westford, Richmond. and 1ojave. Others have mini macs and NGS is in the process
of procuring one which will be installea at L.ohi and Hawaii. NGS is obtaining data from
DoD stations which includes three in the southern hemisphere: Smithfield, Australia:
Quito, South America; and 5a rairn, Persian Gulf. NOS is getting Za second phases for
those stations which are used for orbit determination.
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in October 1969 NGS will work with the University of Tasmania and with a group in
South Africa. Those are figed VLBI stations. Before the end of the year it is hoped to
have receivers at those stations.

The Norwea:ans have purchased a nuober of ROV receivers wh:ch have not yet been
delivertd, NiS will examine the data from those systems. It is possible that there wil!
be GPS stat:ons in Antarctica and Tahiti, if fixed VLS! sites are installed at those
olaces.

The docieolation for stat:cns was pozr in the past, as these stations were used ts
orbit deterzination stations aid n~t fiducial stations. Clearly, the location of stations
and the poslt:on of antennas are itezs that aust be addressed.

One prob!ra is the coa;utatcon of very high accuracy orbits. For that a sxall njzber
of stations (of the order of !:I are needed around the world. Another problem is the
establishment of local fiducial notworks which re%ire so*e redundancy. It is hoped that
there will be a large number of stations in the US to provide this redundancy. A receiver
should be placed in tfe state of Washington in order to strengthen that VLSI station.

The mini macs do not produce Auch in the way of cycle slips. Therefore. double
differencing is feasible. Vhortlt Jaoarn, Loki, Mojave, Richmondt Westford and Betsel
will have Aint macs.

Rundle - What is needed, b. whoever maintains a network, is a strong commitment to
producing high qualitv data from the fiducial stations.

Stranot - The point is that t$GS cannot accomplish its global mean sea level prograt
without those stations. Once the fiAed VLI stations are in operation in the southerr
hemisphere, we need to look at the laser stations to determine whether to send mobile VLBI
to those stations.

NGS does not alan to renoce t'e antenna at Vandenberg. Butt NASA needs to provide
equiaomnt to be used at the site. The collocation with a GPS receiver has been going on
since aid-1986.

Minster - We need some standards or rules that e-ervone can agree to, when equipment is
changed at a site, One of Prescott s ,uegraohs indicated that there Is no bias between
the 6PS and VLBI determinat:ans at Vandeniero and Mojave. Yet a straight line fit of the
data ooints indicate different slopes for the GPS and VLSI data. Therefore, the criteria
one should adopt is that equipaent should not be moved until the slopes are in agreement.

Strange - There is nothing in the worl:s to prevent that from happening , except that the
necessary equipment must be foinrd. One could install the TVDS's. One could also put more
eqtapment in the antenna trailer. As the antenna will not be moved, there will be no loss
in continuity of VLBI measurements.

Rundle - How can the user community register their concerns about these orbit questions?

Stranoe - 16S should be contacted. f GS will not be in a position to onitor the vertical
position of stations worldwide to a few milliteters, if NGS does not maintain a coordinate
system. Originallv, 1i6S established the fiducial stations out of its base program. But.
now with the Global Climate Chance program NGS has soecIfic funding for accomplishing the
worldwide observation.s it w.uldn t hurt for the user community to point out how
important these staticis ire.

Rundle - Poss:bly the Com~ittee should tal:e a stand on this matter and make some strong
recommendation on the fundino of entan:ed f:ducial network.

Stranae - Is it possible tha. the data from the ROGUE receivers at the Deep Space Net
sites can be made available to NIGS for orbit determination?



Rixon - It is the subject of intense negotiation between two br;nches of PL: The
Geodynamics and the Deep Space grouFe. Three months ago that agreemernt was not In place;
but, I assuae that will be worhed out.

Prescott - USGS has in the past tried to influence NGS; but, they have not been verv
responsive. However, with a fi. ed budget, in agency cannot be responsive to the needs of
every agenCt. I haven't found NGS, as the operators of this systml, to be respcnsi.e to
the cctments of users. S:nce av irch 8, 1989 memorandum to Man Ethridge that dealt with
GFS fiducial sites in North Aaerica, to which a rtsponse has not been reces.ed, -.n
international overslght comiattoe has been setup under IUGG to keep track of C!3!4TT.
Jcr-v Mather and Ruth i elen zr co-chairpersons and Prescott may be the only cther US
reoresentative.

Runlo- Pecozoendation 2of our repo,t could be revisid to include fiducial stationt.

Stranot - Wouldr't it be best to have as aanv of the SPS orbit stations as ossible
operatvt at VLSI sites. s* that arv differential station motion doesn't have to be solvtd
for at t - sane time that one coiputes tht orbit' At a meeting in Edinburgh, Ruth Ilieltn
stated that there wain t any point in having more than one GPS station at a VLSI sate. I
stations are not col!ocated. one needs to compute the motion of the station at the saae
tine that the orbit is cooputed. If VLBI monitors the station posttionj one would be
Letter off thain if one had to s0!ve for the position.

Dion - One should have at least three such stations in ordtr to define a reference frame.
It is doubtful that all VL5I sates need SPS observations. In the first six hours of
observations, so much data are collected and the data strength of GPS is so great that one
can compute the station location adaquately enough for orbit determination.

Strange - That is the crux of tne proble4. If one is considering decade-long sonitoring
at the nalltzfter level for polar motion and earth rotation, one must have VLBI to monitor
the differential plate Aotion.

Di.on - One needs a subset of the VLRI sites at which GPS observations should be made.
What is in question is the si:r of this subset. One reason for not including all VLSI
sites is that fixed VYLI antenna sites can have very bad aultipath and sky visibilitv
characteristics. At many of these stations, it would be best to got away froo such an
environment and observe in the open where there is good sky covyrag and one need not
worrv &bot cultipath or obstructions.

GoJd- One could observe at an offset of 808 oeters and still satisfy Strange s comment.

Minsttr - At the Coolfont meeting, it was determined that about 12 VLBI sates would be
needed to define the reference frame. This number is not figed; it represents an order of
magnitude determination of the number of sites that should be implemented by a complete
suite of instruments.

Stranoe - The stations that shoulo be tied in are those that contribute to polar motion
and earth rotation because those stations will be aoserving every five to seven days. The
accuracv of the differential positions from these sites will be very good which will
pernit millimeter level accurac.. Those are the sates at which NGS plans to establish GPS
stations. One also needs to maintain the laser measurements in the system.

Minster - If there is a requirement on the observer to obtain data at some precaiion, one
needs to inform the observer on the amount of averaging that will be permitted. If a
millimeter precision is required cver one hour, it may not be possible. But, if ave.g1:nq
of a dense set of e.:periments over three months is permissible, there may be some hope.
The goal established at Coolfont is the attainment of one centimeter precision over
twenty-four hours.

14



(In response to a question from Met:gerl The variation is 9r:Avity at a site, In a
recent experiaent, was compatible with tht fret-air gradient and the satellite laser
ranging measurement changes in height; except that the coefficient had the wrong sign.
The magnitude was a few *icrogals (exact number not clear on tape).

Prescctt- Interesting data have been obtained in southern California correlati'i changes
ia' differential grait, with changes in elevation :id strtngth over a period of a few
.,-S.

Ginnral d 1ision io!lched on absolute and differential gravity aeasurexents and
anvironaenta! influences. such as water table and barometric pressure, that have to be
considered before rep*it measireeents can be comparud. Considerable effort is needed in
masntaining stabilitt, repeatabiltv and accuracy of gravity oeasureaents.

A number of groups are worL;:t, on G fifth-force class of problens. In xost of thee
eperiatnts the variations are within the error bars. Eckhardt is the only on* that has a
signal outside his error bars.

Fulure CcaItee Actlvitles

Orlin - Our bud;,t rtquests for 1929-I9? include support for three seetings of the
Committee and two seetings of a panel. Responses will probably not be received before
October It 1968. Thus far we have not received any denials.

As this is the last &eeting of the Conaittee this calendar year, the Committee should
plan on the continuation ol the Coamittee and the formation of a panel. If sufficient
funding is not received. we Cannot perform the tasks. The funding s:tuation should not
iAfluence our thoughts on our proqram at this titA. In fact, if the panel study is of
great interest it oav ease tht fundgng situation.

Rundli - At the last ztet:ng a nmber of critical -robleps were dtscussed; the funding and
attention to orbit deterainations was one of them. There is also the problem I proposed
in the letter to Dr,an SLinner. I proposed that we consider a follow-up to our current
reoort which might be entitled "Geodesy in the 21st Century: Priorities in a Natoonal
Prograo'. The aim would be to ezamine, in detail, the issues noted in the eoecutive
sumeary.

Over the past 100 years NGS wis the major agency responsible for aaintining first-
order networks in this country. This activity is no: being done by a multiplicity of
agencies; inclhding technologv development and observing. In this mnvironmentt how can we
assure that a coordinated and continuing progran will be established for the next century?

Orlin - The Cosaittek would need to develop a project plan to accomplish this study. How
would this coordination operate in the federal government1 particularly when the geodetic
measurements that are our concern are in diverie agencies with their own budgets and
priorities? In the :9th century and the early part of this century, NGS was the focal
point for all geodetic data. However. today, precise geodetic data are being obtained by
a number of groups. Therefore. are we considering an agency that would be primarilk a
data service which would oather, evaluate and disseminate data and would establish the
requiremants for points to be observed on a contnuous bals

Rundle - The Committee need not get down to that level of specifiity. One could identifv
the needs and spell them out in soae detail; data base needs, educational needs,
technology needs which might include orbits. A discussion with agencies could eitablish
where those functions are lzi;elv to reside.

Orlin - Some reorganization of government, as proposed in an earlier report of this
Committee, would be required. The agencies are trying to attack these problems through
Coordinating Committees; but th2 problem is that they each have different priorities. For
example, reobservation of stations may be a lower order priority to NASA than to NGS or

USGS. The proposed study, primarily, would have to consider the organi:ational problem.
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Rn - You have jumped to a possible conclusion to the study. Mowevert in discussions
with agenry eaplovees, I concluded that some federal agencies would like to consider
alternatives as to how these functions should be conducted, how to establish wall defined
functions tar each agency, and hov to coordinate these functions in a nationAl program.

Lr.an; - The difficulty with %uch a studv would be the establishment of roles and
missions for the various a;enczes, One wculd need to include the top managecent in each
agency in such a study.

Rundlt - W&e could define the tatls that need to be done without defining which a;enc)
would atcozplish a particular tasi., For e*:aapltt for data base management we eight
ccnsider the data being obtained, the data rates neeed, the structure of the data base,
and what will be needed in order to interface with other data bases. The study Light
consider the type of orbits needed for space geod tic systmis, the accuracies needed, and
the means for atsuring quality control.

OrLIn - The two land data reports are good ewamples of a national need that got submerged
due to interaqency squabbling over roles and priorities. The reports were embraced by the
civilian and local governzent coitun:tes; but, the federal agencies could not agree on
coordinated orogram. I b0lieve that i similar result can be expected fro& a study on this
topic. It is a national itszu that should be addressed; but the likelihood that any
action will be taken on any of the reports recommendations is nil.

Prticot - There are models of programs that span agencies that work quite well when each

agencv has a clearly defitied role and each has a different part of the pie. The National
Earthquake Ha:ard Reduction Progria has parts in USSS, NSFt and FENA.

Orlin - In the present case there aren't cleArlv defined roles. For a coordinated prtgrai
to worPt the geodetic roles of the various agencies would have to be clearly defined.
Such roles would have to be established bv the various agencies and agreed to through a
meooranduo of understandino.

Fundll - The situation is anilogous to what the Committee has suggested in its current.
report. The Comittee has mide a ser:es of recommendations; but, we have not indicated
who should do the work.

Orlin - Because of our inability to assign tasks to specific agencies, the worL will
probably not be done. It is directly comparable to the recommendations in the land

iniormat:on reports. That s the problem that we need to resolve. It*s not that
recomendations this Committee generates are not extremely important; butt along with
those recommendations we need to consider an implementation plan.

Ru.ndl- Then how can this Co.:ttee foster such a critical national program!

Sailor - By reports sioilar to the one we are completing. The Coxittee*s l:aison

members, using th:s report as i tocl. need to convince their top management that such a

cooperative program should be supported. Other than that there seems to be no way to gel
such ; program started. Our repcrt gives the liaison members an independent objective
analysis of a problem that can be Lsed for funding support.

It is clear that diffsreit niches are be:ng carved out by the agencies. NASA

expresses its role as technolcof development and not operational and NOAA aims to prcside
data to the public.

Rundle - The Erace and Coolfon: documents make a strong push for NASA to assume an
operational role.
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Strane - That is not appreciaed by the operational agencies. NOAA's ro!e in the Global
Climate Change initiative is to provide mean sea level. If, as a result of a Coolfont
rectakendation, NASA undertakes a stiglar progras, NOAA would not appreciat, toch a
recoAAenoation. If sore w ok is retutrtd cn the ita level program, additional funds
shzuld be provided to NOAA to e pand :its program,

i..jn_ - Why did this laege grzup of szient:sts decide that it was appropriate ic? NASA to
undertaLe such an eSfort%

Str;ge. - Is it possible that tte ;.J3 sciertist grant prograo might have soaethir9 .. do
with that declsion'

c$&%- Fro& what I'v# hearz abot the Coolfont seting, I get the impression that 4t
eophasi:ed the things that Nere ;a;ortant to scientistv. There was less interest in who
would do the work. If this Ccz:t1tee wanted to step on sore controversial ground, Xe
could rocozend who does what and zave it clear that there need to be lines of divisior.
That aigh- be a Aore powerful ai roa:h than to state that the frderal goverrment s%:w!d
spcnscr a program. In ttras o; ratiwial policy there has to be some divition cf
specali:ation, otherwise each gr:4p will attempt to increase the swe. of its own progran
at the *-pense of others,

Strano# - (In rtespons to tew tnt iunding for the Global Climate Change Prograz Uas
handled) The top management in each agency involved in the program deterained what each
agency would do, After agrerc n on the level of funding for each agency, the proposal was
forwarded to Congress as a 11rq!e prograz i:th finding for each agency.

Qrlin - That is the kind of effort ttat would te needed, to get the orbit prograz we re
discuss:ng or, the right track.

Str#nce - That was what hlirian Slt~cl was suggesting when she discussed the NRC C::ttae
on Earth Sciences.

Rundlt - Another viable topic fc, a zanel study is the study of geodetic needs for the
Global Change Progran.

Orlin - It stees to 4e that the orb:t studi should be undertaken by the Committee. As the
needs are diverse, input from a number of different areas will be required. In addition,
we know the agencies Involved and their problems and have a general idea as to their
programs. A procedure for izplementation of the Committees recommendations in such a
study could proceed alc'n the lines cf the Global Climate Change Program.

The geodetic needs vur the Zlcbal Chance Program zight be handled by a &ore cohesive
group, whose expertise say not be represented on this Committee: such a situat:on lends

itself to a panel study.

Minster - The Coolfont teeting. :n m, iew d:d not lay out k plan for NASA: but, la:d out
those thincs that should be done irrespective of who does the work. There exist tie
Global Change initiatiyt and tfe Concect of a Mission to Planet Earth and the scientists
felt that in both of these prograas thit solid earth science was either neglected or the
role of solid earth science was utrerestinated. The Coolfont recomerndaticns are
statements of what needs to be dzne. This idea is spread across all the Coolfont panel
reports. Nevertheless, we did nct recommend programs that were beyond NASA's e:ssorl: for
el.aasplet a program in earthquale :red:ction was not recommended. However, the report
addresses a program in Globa! Sea Level which NOAA has a mission to accocplish. The
Interagency International Relat:on panel needs to consider such items.

Prescott - The question that arose was whether the recommendations were geared to what
NASA was likely to do based upon their history or were the scientists only defini g those



things that needed to be done. The Coolfont report takes a middle ground. However, the
group d:d not consider prograis that were completely outside NASA rea&!.

ilinster - If NOAA took a stand that it mould provide the Sea Level diia recomaindod in the
Coolfont report, the ccazunitv should etpect that NOAA would adapt or change the flivr of
the prograA in order to satisfy not only NOAA's present mission but the needs z4 the
cowaunltv. If u0AA were not willing to do that, then it would be rvasonabie for the
cocaunity to e pe:t otho aqenctts tc tale up the slack.

Chap~n - Anvzte working fcr a fideral agency has the initial problem of trjtng to ottain
funding. A report frox a group such as this can be used as support for such fundi g. N
has a further problta in that it has to cozpett with oceanography and meteorology pr*;g&ns
for thk hid to come by funding of ,CAA. That-s why the Global Climate Chage rogram
succeeded in providing NGS w:th a geodetic prograA.

einstor - We re not considering redefining agency missions. I perceive from Salt.:. s
presentation that there night be a problen, if we are not careful. Someone not in favcr
of increased funding might conclude that the scientists attending the Ccoifant Meeting
were feathering their own nest and stro:ing the bick of agencies to make everyone happv.
Until scientists organi:e to agree on tnose things that have to be done and who w:ll d:
them, we will not have an impact.

Sailor - An interesting e,%aple is the GEOSAT mission, conceived as a geodetic mission to
cover the gravity field in the oceans. It was funded by the US Navy in support of tht
TRIDENT program. When oceanographers became interested in GEOSAT data, that coz~unatv and
NORDA got behind the program. They obtained the support of university oceanographers and
a broad spectrum of gcvernzent agencies, who indicated a desire to use GEOSAT data to
studv oceanographic var:abilit,.. This larger group successfully negotiated with the ,
to adust the GEOSAT orbit to repeat every 17 days and duplicate the SEASAT orbit. At the
ground tracks were essentia:lv in the saae location as those for SEASAT, the ;roup
successfully argued that this portion of GEOSAT data should be unclassified. Thus, it was
the oceanography community groundswell that encouraged the agencies to cooperate in the
effort. There mav be other initiatives, such as a GPS mission, that require cooperation
of many agencies. Strong scientific Justification will be needed before agencies can
develop meaoranda of understanding and funding sources to accomplish such a zissicn. That
is the kind of report Rundle is proposing. We sust define the specific science needs.

Minster - Another argument for such missions is the loss of leadership in this country f:r
qualit, and resolution of data. It is clear that by limiting the resolution of data
reqj:red from scientific &:ssions. particularly the data that are released to scientists.
the scientific progress in this country is being slowed down. The example that is given
is SPOT images; the highest resolutiorn space photography obtainable. Investigators would
prefer to use SPOT images rather than Landsat photography.

D or - International m;ssions taLe precedence in NASA. We do not gain anvthin4 t.
arguing that the US must have leadership. Science is still very much mnternati:tal,
especially as emphasis shifts to o!zbal wavelengths.

linster - At Coolfont, we fourd sone who wanted undertake such ve.,y short wa..elength
studies that the data could not be acquired from space. but had to be acquired froz
aircraft - topography, gravity. cr~stal magnetics.

Orlin - The Cozaittee should taclie the implementation of an interagency program. The
panel should tackle the geodetic needs for the Global Change Program.

Sai!or - Another topic could be a discussion of the types of sensors to be used at the
network stations and the coordination among existing networks such as the IRIS global
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seisaic netwark (GS1:1. Thzs Committee cou, define the geodetic requiretents and could
1nesti;ate what the various or;ant:aticns art doing.

- This cculd include a lcoL it what RIS and USGS art doing on the selssic networks
and recoaerd how the prograx can be coordinated.

?,:nstqr - Ttt FLINfl pro;raa has teir ciolinarv ard nterr ational Aspects. It also Aust
help in the stud, of global sea lee) as well is in the deteraination of a 9eodetLIC
rtference iriat - stations would be ttblished at the global sea level sIttes. At the
Saito tinea 1and d*ior-ttof can tv o'64sured. It his to satisfy NASA tracking urtit
and pro.:d* jduciAl 91tot ice the oarth44&*-* Prediction.epr~et

P~nd)j - 16. irccrporates all of lonq-torz prCh.1tas inherent in the continuity of ;*cdetic
data.

QOr. - If we decide to undertaLe this stud,, NASA should be contacted to dteterine
whether the, plan to set up trtzo own studv grouP. fly 1;pressson iroA filrIa& I
present~a~i~.was that thet werf t. She encouraged this Coaxitt#e to undertaLe the study.

Uf the C-Aaxtttk decides ZZ undertilk the study, a charge to the panel should be
prepared and a list of ;ra id ;e) Aetbers should De developed. le could then run
that past hASA, NGS. US5S and NSF, the a;encies Aost likelv to have an Interest.

flinster - It ig'ht be wise tz run it pist the Coolfont Interagency panel. McGretqr nd
Russ were c&-chairpersons.

JL.M - Three Iey agen es, "5BA. NS ano USGS, art .epresented on this Cosaittee.
Aloost, de facto, we have the intera-;en:c representation that we need. We are cnli
missin NSF.

Rurnlt - The FL]fli conce;t is inter tienal in scope and transcends NASA. UASA cannot
h4pe t: run the FL114N staions all zter the world. The stati:ns established in varicus
"ourtrites bay be designated S cr b sae international bodv as part of 'he FL11.
netwzrk een though they serve cthtr puOpOses.

Diosn - It is critical that there be scae scrt z4 ozr.figuration control so that trie
stations ;roduce high-qualit, data in reasenably consistent forait. An oversight or
standardu cosaittee needs to be set in p!ace.

Prescott - The problen is that for an znteriatlcnal prograa there isn't ore agency that

has overall responsibility.

Stranae - It is the staticA ooeratc-s t- at establish the standards for their own statzons.

Minster - He could determine the weoatt to be assigned to each data &et.

Stranoe - I would object tc the FLINJ networ: setting uo parallel statzons| as that
would not be a wise use of fedefa! fd .

Minster - Redundint actx.ities perat results to te compared. Is it better to have one
activity and not be certain of the riiu!ts or to have twc activities that fight coniirm
the results7

Stranoe - I m not ready to concede that tne only wav to get adequate GPS data worldwide is
to operate a ROGUE receiver. However. that appears to be NASA s opinion so.
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htnsttr - The FL1!' notwczrw has not been eined, we should be Verv citeul 6o
disasscc:ate ae rfguatnts various G'S trkcloats have sade in tle pest frc the

doi~~tie, decade i'c& nzw. 0i * i-turk Ideal FLNU notwerk.

ELtran - It woulo b tore rt'!tc mctcntrato Cn an ideal network to cz!.ict the*
.ct:r:rg itat ttedt to z& dcrte to satis v the various groups uslg the data. Thi

PrzCgA ai siu:itl V5 S b. . stabl:thing is itz.-i toward the achievexent c- wzf1 uld*

)It 11i at t. ;f x thret ,.r lout ytars sroe foreign universit., aitr
l.~ data that vol~stat 0i n~s h;40 has & 12ifrant got V a IsIu ;n 0 n''4. tat I

t* te, orcd so t~si NGS it not czerect, that UGS iwold consider such in obitctizn.
Ii an 1r~dtetr~dett set ci data adiiferant prcctdures are not &vailablet, how woulo crt
over know hoh tt cc trze aravilt Zttter

Ceneral - T"e data :ar be given to a ruaber of daiferent groups fir A~ a 1 .5i5.
13S zatis tierdata ita attly a alablt to an investigator. The conseoo~nc, of Su:n
an attitude is thal ore should not trv to Wine FLV.'N now. The definition would evolwe
as tochnoloqv eolved. It %s also true that if NASA lefines the FLINN concept, it will be
a NASA conc:t;t. It u: ld be test for an indeptedent group, such as this Cozzitte, to
deWi.e the ccrcep*. Coo!icrt P&istz the posiibility of a FLINN networkt the network was
not det:ned in anv dta:l. what needs to Zt dccuaented are the re6qu1Femnts on a
woeldw:dt basis that should te c::rdnazt#, cotpared to the activities in the individual
coutries.

Stranat - Wt know : at certair, h.,eI VLBI itatiois will be established. What other fii.ed
VLI sIts are reall neeced bt&a!-,d those that are presently planne Given that GPS
stat:ons will be 9tabI:shtd at ttt ;|1e10d VLSI sites, where else would one etablish
ptr~anertl. opirati; 3zS s:atin" All 04 tht probltse, presusab!y, have been idant:fied
at Caollont and the nubeor of stati~on required to study those problems was establIshed.
What is the priority in estab ltti the 203 stations recoasended' There are groups
plannitn to estal!.sh perarent stat:c s who will be transaitting data to NGS. Wh:ch
groups do we tr:cur;e th' aost"
One of the stations UGS is cencentrating on is one in Antarctica, because that is where
the glaciers ex:st a.d where the ice costs frus which affect sea level.

Prescott - Before one decades where a station should be established, one needs to define
whit we mean bv a high zrecisaon station; should it be NASA, or should an IEPS type bcdy
be sat up. It is not needed to d tera:no which stations are to be let into the network;,
but a well de;inea set of standarrs will enable us to assess the qualitv of the data frCa
each station.

DILn - Uhat qualifies as a g:d station xav not be under anj individuals control.
Er ronzental effects that ccntr:bite noise, say not be detected initially; but. when
detected researches do nnt use such stations in their analyses. A cocittee cannot
declare, a pricri. that so:e stations are good stations

rl:nster - A siilar blen w;!l clague the sea level stations along the coast. Special
rodel:r techniques wil! be newede :efore data frox these stations can be used.

General discussion - The group agreed that a set of standards and procedures would be
useful. It would help obsr.era to ditermlne what was needed in order to achieve
acceptable results. In addition, where there is a difference of opinion as to procedures
and technologies, some test:ng program should be established. Possibly, this Committee
should enunc:ate a set of h:gh level goals and not be very specific as to procedures and
technologies to be used.
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For th, FLINN network, the Committee might not want to indicate that all stations
should be occepied by GPS. Possiblyt the FLINN stations should be capable of being
Instrueirted with a wide variety of instrusents.

Pftic;-. - If a network f geodetic stations is establushed, there would have to be soe
cokv, uleents. There -.h:uld be a single data depository and the data shoid be
trarlsatted in I common ;crca%.

Seneral dicustion - The question of a resonsilble agency and the problest that wo0l be
enconterad for an :nternational prog;ra were discussed. A solition, such as that t.sed
1cr tse Internat=onal LattLudt Service (ILS es01ablished under the ausp:ces c toe lUc-E
and the !AU, was suggested. The 1LS monitored the observations frox 5 station& in 4
countries. Stations did not have identical Instruments - however, the observing przzrak
was identical at each station.

That i% a procedure that wo"ld have to be established for an internat:ona! program.
Fespcnsil.iity could not be pla:e in one federal agency. Postibly the IUGG or the 1AZ
wo!d tate FLINU on as 4 special project by setting up a central bureau.

d- The IERS has requested proposals for a GPS service that would contribute to earth
rotation studes. An equivalent prrgram for BPS Aay be porsble.

Fron an international point of view, NGS h,%s bcome the focal point for orbit
determinations. The problez that sees to concern us is whether NASA and NGSt acting as
t-.. respznsible agent for C!GU-ETt will worl. together rather than separately.

- At our last seeting the case was iade that because NASA has a tracking requirement
for TOPSEX. they would establish a core network to insure that they obtain the data needed.

§ - If NASA contributes data frot their stations to C1I6ETt NGS can aa~imi:e the
g#graphacal coverage b, putting their stations elsewhere.

Strange - For a global program such as the Global Climate Change Program which involves a
nupbev of acencies, where each agency has its own responsibility, there are certain
acti-ities related to flight Aissions that1  if not done by NASA, will not be done.
Another itte is the upgrading of the capability of VLRI to higher accuracies. However$
there will be a worldwide UPS orbit determination tracking network, even if NASA does not
do it. The prer' An of the networ!; will be as high as the users desire. Man; of the
cc.ponents of th 1.fl networl can be accooplished without NASA pzrLUCipation; but there
will not be a laser network unless UASA does the work.

Mlnster - The FLINN network encocoasses more than BPS orbits. With a network of stations.
a focus on earth science is possil!e. Geodesy is only one aspect of the program.

Will there be a global GPS tracl::ng network of a reliability that will satisfy NASA s
tracking needs'

Stranno- NASA will have to satisf the:r own requireaents for their flight missions. io
agencv wzuld rely on outside cata which are essential for their owo missions.

Minster - Should the Comnittee reccerd that those station that will be run by tASA and
those by NIGS be ccnplementarv rather thin redundant"

Strange - That would be worthwhile, but there are certain limitations. The three deep
s~ace stations where receivers would have ts oo in are at Goldstone, which is close to
Iojae where a receiver is in place; Austral:a where only a few measurements a year will
be made. which is close to Tasmania where operations will continue on a regular basis
every 5 to 7 days; and Madridt which is close to many stations operating in Europe. The
alternative is to move receivers out; one possibility, if we can be assured that the data
are good and that they will be made available to NOS on a continuing basis, is to tai.e the
receiver from Goldstone and place it in South America.
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hinj #r - What the coazunltv is faced with :s a requireaent to have A set of stations
worldkidt: a subset of which is run by NASA in fuch as fash:on that if NASA gets nothing
else they can still function adequatel. to satisfy their missions. SIXI.rIv, NGS reeds
to run a set ol stat|ons so thai. even if NRSA do s not provide any datat NSS cap satisfy
their 41sso1S. We should tr* to :Ormingle these two sets so that the rei of the
co~muntj can have Its re qIr*eA s satisfied.

Rundai - Froz cur discustions I beI:re. that the COMIttee should for& a pantl on the
FL|141 networL. I suggett that 'inittr loo; int: the procedures a parel should in
e-al-mi ng this question.

ACT12U - Minster to pfe;are a char;t to t-o pans! and recctnend thr#e or iour ;ane!
zenbers and a liz. nuabor o alternates. After corierring hith Roundly, linsttr is to
transoit the aatirial to Drl n who will recuest Board a;proval for foraing the panel.

The remaIndkr oi the session v' Stpttzbe 13 and on Septamber 14 dealt kith the Committee
Report OGeodesv in the Vear : "O. After a nuobar of revisions suggested by the Peviewers
and Coomittee aenbers, the Comaittoe approved the report. Voting for approval were:
Roundlv, hinster, DNton, Goad, Met:gert and Sailor. Stein was absent.

ACTION- Rundle to prepare letters to reviewers indicating how each of their commnts Wirt
handled. Copies of those letters are to be transmitted to Orlin.
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